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DETAILED ACTION 
Information Disclosure Statement 
The information disclosure statement (IDS) submitted on 20 November 2003 was filed 
after the mailing date of the first Office action on 25 August 2003. The submission was 
accompanied by a fee and is in compliance with the provisions of 37 CFR 1.97. Accordingly, 
the information disclosure statement is being considered by the examiner. 



Claim Objections 

While amendments filed on 20 November 2003 have addressed the previous objection to 
claims 1, 3-8, and 1 1-19, a portion of the previous objection still remains to be addressed and is 
restated below. 

Claims 2 and 9-10 are still objected to because of the following informalities: while lines 
3-4 and 6 of amended claim 1 recite "energy sensitive material" (now repeated at line 2 of 
amended claim 2, in amended claims 3, 8, 15, and also in original claims 4, 17, and 19), line 4 of 
amended claim 2 has not been so corrected and still refers to this same material as "energy 
sensitive resist material". In order to be completely consistent, the same language should be 
used at every occurrence throughout the claims, because both phrases refer to the same material. 
Claims 9-10 are dependent on claim 2. Appropriate correction is still required to address all 
instances of this objection. 
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Claim Rejections - 35 USC § 112 

Claims 1-19 are still rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 1 still lacks antecedent basis for "the first pattern", found in line 4. It is unclear 
whether this phrase is intended to refer to the image of a pattern introduced into the energy 
sensitive material as a latent image recited in lines 3-4 or a different pattern formed by 
subsequent developing of the image of a pattern to form a visible image in the energy sensitive 
material, as suggested in lines 5-6. For the purpose of this Office action and in order to advance 
prosecution of this application, this phrase has still been interpreted to mean —a developed first 
pattern--. However, claim 1 must still be amended in response to this rejection. Furthermore, 
"introducing" of the image recited in line 3 is interpreted in light of the disclosure to mean — 
exposing— (e.g., as described at lines 16-19 on page 1, etc.) and "transferring" of the pattern 
found in line 10 is interpreted in light of the disclosure to mean -etching— (e.g., using 
conventional expedients as described at lines 29-30 on page 3, etc., which includes anisotropic 
etching found at line 17 on page 1). Claims 2-19 are dependent on claim 1. 

Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 
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Claims 1-3, 9-13, and 15-17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Chao, et al. (US Patent 5,747,196) in view of Mixon, et al. (US Patent 5,688,634). 

Chao teaches fabrication of a phase shift mask (PSM) for lithography by successively 
forming a light transmissive thin film 34 and a light blocking thin film 37 on a transparent 
substrate 31. Forming a patterned resist layer 36 on the light blocking thin film 37, as shown in 
Figure 5 A. Forming of the patterned resist is understood to include patterned exposure of an 
energy sensitive material or resist and subsequent developing of the exposed resist material to 
form a first pattern having features of a first size. The patterned resist 36 is used as an etching 
mask to anisotropically etch the uncovered portions of the light blocking thin film 37 and the 
light transmissive thin film 34, leaving remaining parts 35 and 33, respectively, as shown in 
Figure 5B. The first size of the pattern resist 36 is then reduced by isotropic etching of both the 
upper and side surfaces thereof, leaving a remaining patterned resist 38, which has features of a 
second size as shown in Figure 5C. Figure 5D shows the result of a subsequent anisotropic 
etching step to transfer the pattern of the remaining resist 38 having features of a second size into 
the underlying light blocking thin film 35 (column 4, line 41 to column 5, line 5). A 
conventional method of forming the initial resist pattern involving direct writing exposure of a 
computer controlled electron beam onto an electron beam positive resist followed by developing 
to remove the exposed portions of the resist is shown in Figure 1 A and disclosed at column 1, 
lines 38-50. 
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While contemplating the sequence of steps recited by instant claims 1, 3, 9-10, and 12-13, 
including isotropic etching to reduce the size of the developed resist, Chao does not specify using 
a liquid isotropic etchant for this step. 

Mixon describes a lithographic process relating to fabrication of a device (e.g., on a Si 
semiconductor substrate, etc., which is considered to be a semiconductor device) or a 
lithographic mask (e.g., chrome on a glass substrate, etc., which is also considered to be an 
optical device) by patterned exposure and developing of an energy sensitive resist material 
(having a matrix polymer which is substantially soluble in the developing agent), followed by 
transfer of the pattern into an underlying substrate (column 1, lines 16-21 and 58-67). The resist 
is typically positive acting and is sensitive to radiation chosen from a variety of wavelengths 
(e.g., deep ultraviolet (DUV), electron beam, ion beam, x-ray, etc., column 3, lines 34-36). 
Contemplated processes include mask or maskless primary pattern delineation, as well as pattern 
replication or secondary pattern delineation (column 6, lines 38-40). Literature data suggests 
that the radiation dosage can be reduced during exposure by subsequent forced developing to 
thin the unirradiated resist (column 7, lines 16-19). While Mixon uses interruptive developing 
involving plural separate developing steps to limit resist film loss, it is clearly acknowledged that 
further treatment in the developer solution of the previously developed resist will result in 
erosion of the unirradiated portions and reduce the developed resist pattern size (column 7, line 
58 to column 8, line 22). So, the developer is considered to function as a liquid isotropic etchant 
expected to be useful for reducing the size of the remaining developed resist pattern features. 
The resist can be baked between exposing and developing to improve sensitivity and developing 
characteristics, but the baking temperature should be kept below both the glass transition 
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temperature and the decomposition temperature of the resist polymers to preserve the resist 
image (column 7, lines 22-46). Baking after developing helps to remove residual developing 
solvent from the resist and can optionally be carried out during subsequent plasma etching using 
the resist as an etching mask, because the plasma etching implicitly causes heating of the resist 
(column 8, lines 24-28). Table 1 in column 1 1 shows 1.8-54.2% film loss (size reduction) for 
resist patterns after developing, depending on baking and developing conditions. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to have combined the lithographic process taught by Chao with the subsequent size 
reduction of the developed resist pattern using a liquid isotropic etchant (by further developer 
treatment) described by Mixon. This is because (1) Chao used isotropic etching for developed 
resist pattern size reduction and liquid etchants or solvents, such as developing solutions, are 
known to cause isotropic removal or etching of resist (also called film loss) as described by 
Mixon and (2) both Chao and Mixon relate to the same art of lithographic manufacture of an 
optical lithographic mask by exposure and developing of a positive resist usable with electron 
beam exposure, subsequent size reduction of the developed resist pattern features using isotropic 
etching, then etching of an underlying substrate through the reduced size resist pattern as an 
etching mask. Furthermore, Mixon describes that baking of the developed resist helps to remove 
residual developing solvent while baking of the resist before reducing of the developed resist 
caused by isotropic etching (using further developer treatment) is expected to improve sensitivity 
and characteristics towards the developer/isotropic etchant. Mixon also described that keeping 
the baking temperature below the glass transition temperature of the resist polymers would be 
expected to preserve the resist image. 
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Claims 4-5, 8, 14, and 18-19 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Chao and Mixon and further in view of McKee (US Patent 5,804,088). 

Neither Chao nor Mixon specifies forming of the resist on either an inorganic 
antireflective or a polysilicon intermediate layer formed over the substrate. 

McKee shows a lithographic process for fabricating a semiconductor device that involves 
use of one or more intermediate layers between a substrate and an overlying resist. The process 
includes exposure and developing of the resist to a first minimal linewidth, isotropic etching of 
the developed resist pattern and/or underlying intermediate layer to reduce the linewidth to a 
second smaller sublithographic size, then etching of one or more underlying layers through the 
reduced width developed resist pattern and/or intermediate layer as an etching mask (column 1, 
lines 12-14 and column 2, lines 30-37). Figure 2a shows a silicon (Si) substrate 202 covered by 
an oxide layer 204 (oxidized silicon), a polysilicon (polycrystalline silicon) layer 206, an 
inorganic buried antireflective layer (BARC) of titanium nitride (TiN) 208, and an overlying 
resist layer 210. After exposing, developing, and baking, the resist 211-212 linewidths are 
shown as W and L, respectively, in Figure 2c. Isotropic etching reduces the sizes of the resist 
213-214 linewidths by 2 AW, as shown in Figure 2e. Anisotropic etching removes the exposed 
portions of the BARC layer 208 to complete the etching mask for subsequent etching of 
underlying polysilicon 206. Polysilicon 206 is then anisotropically etched using this reduced 
size etching mask (column 2, line 37 to column 3, line 47). Another embodiment carries out the 
narrowing isotropic etching of the BARC layer from 821-822 to 823-824 using a wet or liquid 
isotropic etchant, as shown in Figures 8c and 8d (column 5, lines 59-63). Many other variations 
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are contemplated that use the intermediate layer as a BARC, an etchstop, a sacrificial layer for 
linewidth reduction, or as a liftoff layer for an overlying resist (column 6, lines 62-67). The 
resist can be stripped before etching through the narrowed BARC alone as an etching mask 
(understood to function as a hardmask during etching using a selective etchant, column 7, lines 
1-4). Furthermore, the etch chemistries and conditions, the exposure wavelength (in addition to 
I-line described in these embodiments), as well as the resist and antireflective compositions, can 
each be varied while using this same approach to reduce the attainable pattern linewidth to a 
sublithographic dimension (column 7, lines 6-12). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to have combined the lithographic process taught by Chao and Mixon with one or 
more intermediate layers of (1) polycrystalline silicon, (2) inorganic antireflection material 
which may also function as a hardmask layer, and/or (3) oxidized silicon as shown by McKee. 
This is because all of these references relate to the same art of lithographic patterning to fabricate 
semiconductor or optical devices by reduction of a resist pattern size to form sublithographic 
device features. 

Claims 6-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chao, Mixon, 
and McKee, and further in view of Lyons, et al. (US Patent 6,121,123). 

While showing the usefulness of an inorganic antireflection coating between the substrate 
and the overlying resist for perfecting exposure of the resist, Chao, Mixon, and McKee do not 
specify that the inorganic antireflective layer should be a dielectric material comprising silicon, 
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oxygen, and nitrogen, and do not teach forming this antireflective layer by chemical vapor 
deposition. 

However, silicon oxynitride (SiON) is a known bottom antireflective coating (BARC) 
and hardmask material tuned for absorption of deep ultraviolet (DUV) light used to expose an 
overlying resist and can be formed by conventional chemical vapor deposition (CVD) to create a 
more uniform layer than the typical spin-on BARC material as taught by Lyons (abstract and 
column 3, lines 30-46). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to substitute the SiON BARC/hardmask formed by CVD as taught by Lyons for the 
TiN BARC/hardmask shown by McKee, because the SiON CVD BARC/hardmask is more 
uniform and is tuned for DUV exposure wavelengths. 

Response to Arguments 

Applicant's arguments filed 20 November 2003 have been fully considered but they are 
not deemed persuasive. 

The IDS submitted in response to the previous Office action was accompanied by the fee 
required and was therefore considered as noted above. 

While portions of the previous objection to the claims have been addressed by applicants' 
amendments, the remaining portion of this objection to the claims has not been addressed and 
has been restated above. 

Applicants' arguments at lines 10-11 on page 5 in response to the previous 35 U.S.C. 
112, second paragraph rejection have confirmed the examiner's interpretation of "the first 
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pattern" at line 5 of claim 1 to mean --a developed first pattern--. However, applicants' have 
failed to amend this claim accordingly as required in the previous Office action, in order to 
clarify this phrase. Furthermore, applicants' remarks found at lines 4-7 on page 5 of their 
amendment further confuse the issue by stating, in part, "Thus, the first pattern and the 'image of 
a pattern' are different items - the first being a latent image and the second being the developed 
pattern in the resist material that is no longer latent." This suggests a reversal of meaning so that 
"the first pattern" could alternatively mean "a latent Image' 9 rather than a "developed pattern". 
Because applicants have still not clearly set the record straight on this issue, the previous * 
rejection under the second paragraph of 35 U.S.C. 1 12 has been maintained and is now made 
FINAL. 

Even though applicants argue against the combination of Chao and Mixon, their 
arguments remain unpersuasive. This is because Chao specifically teaches the same sequence of 
steps found in the instant claims, but just doesn't specify the use of a liquid etchant for the 
isotropic etching reduction of the previously developed resist pattern. While one of ordinary 
skill in the art would already have contemplated the utility of a liquid etchant in the isotropic 
etching step of Chao, the further reduction of a developed resist by a liquid isotropic etchant 
(even if called a "developer") as shown by Mixon to achieve a controlled reduction in the 
developed resist dimensions makes this choice even clearer. Applicants are again directed to 
Mixon' s Table 1 in column 11, which shows specific proportions of size reduction (called film 
loss) of the developed resist patterns in the range of L 8-54.2% smaller than those of the initial 
latent images in the resist. In fact, the last two examples showing 1 .8% and 4.2% reductions for 
resist patterns after initial developing are obtained for different prebake temperatures of 130°C 
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and 120°C, respectively, etc. Since these processing conditions can be controlled to yield 
specific proportions of size reduction in the developed resist pattern, one of ordinary skill in the 
art would have expected to achieve controlled dimension reduction of the developed resist 
pattern size using a liquid isotropic etchant under appropriately controlled processing conditions 
to match the type of resist utilized. Accordingly, the previous rejection of claims 1-3, 9-13, and 
15-17 has been maintained. As additional evidence that precise correction for size reduction of a 
developed resist pattern by isotropic etching (e.g., gas or plasma isotropic etching, wet or liquid 
isotropic etching, etc.) was already known at the time of the invention, the examiner points out 
column 1 1 , lines 33-43 of Sandstrom (US Patent 6,645,677). 

Applicants suggest on page 8 that the type of etchant used by McKee for reduction of the 
developed resist pattern dimension was limited to plasma isotropic etching, excluding the use of 
any other type of isotropic etchant, such as a liquid isotropic etchant. However, this approach is 
flawed because McKee actually states that this step of isotropic etching for reducing the size of 
the developed resist pattern ''may be a plasma etch" (emphasis added, column 3, line 23), which 
leaves the type of isotropic etchant open to other alternatives. In fact, McKee carries out the 
narrowing isotropic etching of the BARC layer using a wet or liquid isotropic etchant, as shown 
in Figures 8c and 8d (column 5, lines 59-63) and previously pointed out by the examiner. So, 
McKee was well aware of the liquid etchant alternative for isotropic etching. Furthermore, 
McKee specifically states that the etch chemistries and conditions could be varied while using 
the same approach to reduce the attainable pattern linewidth to a sublithographic dimension 
(column 7, lines 6-12). Anyway, both plasma and liquid isotropic etchants were already known 
at the time of the invention to be equivalent for precise size reduction of a developed resist 
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pattern, as shown by Sandstrom above. Therefore, the previous rejection of claims 4-5, 8, 14, 
and 18-19 has also been maintained. 

Applicants concede at the bottom of page 8 that Lyons teaches the additional limitations 
of a dielectric SiON ARC formed by chemical vapor deposition recited in dependent claims 6-7, 
just as previously set forth by the examiner. Accordingly, the rejection of claims 6-7 has been 
maintained, as well. 

For at least the above reasons, claims 1-19 remain rejected as obvious over the prior art 
of record. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to John Ruggles whose telephone number is 571-272-1390. The 
examiner can normally be reached on Monday-Thursday and alternate Fridays. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Mark Huff can be reached on 571-272-1385. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-21 1-9 197 (toll-free). 




